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Abstract
 
Alkali-deficient tourmalines were found from the pyrophyllite deposits in Shima, Gunma Prefecture,
Japan. Most of them are magnesiofoitite. The Shima district is located in the Green-tuff area and has widely
 
undergone hydrothermal alteration. There are some pyrophyllite deposits which are Shima mine at Shinyu
 
and undeveloped small pyrophyllite deposits around Hinatami. In this district, tourmalines have been
 
reported from three localities,and they are all dravites. Three samples containing tourmaline from Shima
 
mine(90102105,98042501D2,07112301C)and one(06102802)from Hinatami area were newly found.
In Shima mine,tourmalines occur as the pebbles and sometimes veinlet in pyrophyllite ores. The pebbles
 
almost consist of two kinds of tourmalines in color (the spots of pale bluish green fibrous tourmalines and
 
nearly colorless fine columnar～acicular tourmalines surrounding the spots). The pale bluish green fibrous
 
tourmaline dose not show obvious pleochroism,though sometimes rarely show very weak pleochroism(pale
 
bluish green to pale yellowish green). They coexist with pyrophyllite and a small amount of tiny rutil and
 
quartz. Their unit-cell dimensions vary sample by sample:a?＝15.942(4)Å, c?＝7.181(3)Å, V＝
1580.5(9)Å?;and a?＝15.874(3)Å,c?＝7.1 50(1)Å,V＝1560.4(6)Å?. The average chemical composition of
 
9 points by means of EPMA is as follows:(Na???□???K???Ca???)(Mg???Al???Fe???Mn???)Al???(Si???Al???)
O??(BO?)?(OH)?. The colorless tourmaline does not show pleochroism. Its unit-cell dimensions are a?＝
15.856(3)Å,c?＝7.134(2)Å,V＝1553.2(7)Å?. The average chemical composition of 5 points is as follows:
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(□???Na???K???Ca???)(Mg???Al???Fe???Mn???Ti???)Al???(Si???Al???)O??(BO?)?(OH)?.
In the pyrophyllite deposit in Hinatami,tourmalines occur as grayish blue spots in slightly porous dark
 
gray altered rock which consists of granular quartz,sericite and hematite,and occur as the aggregate of fibrous
 
crystals. This tourmaline shows pleochroism(pale bluish green to grayish yellow). The unit-cell dimensions
 
are a?＝15.909(2)Å,c?＝7.158(1)Å,V＝1568.9(5)Å?.
The unit-cell dimensions of tourmalines from Shima district decrease almost lineally as the extent of
 
hydrothermal alteration increases. Most of tourmalines from the pyrophyllite deposits have vacancies in about
 
a half of X site(0.45 to 0.62 in apfu). Present investigation shows that the variation of chemical composition
 
of tourmalines in Shima district takes place by the substitution of?［Na?］?［Fe??］ ?［□］?［Al??］,and also
 
indicates that the unit-cell dimensions and chemical compositions of tourmalines reflect the extent of
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第１表 四万ろう石鉱床産電気石の粉末X線回折データ
702(90102105) 1455(90102105) 1458(90102105) 1460(98042501D2) Mg-foitite  Foitite  syn No.P2  syn No.P5
 
h k l  dobs(Å) dcalc(Å) I/I?dobs(Å) dcalc(Å) I/I?dobs(Å) dcalc(Å) I/I?dobs(Å) dcalc(Å) I/I?d(Å) I/I?d(Å) I/I? d(Å) I/I? d(Å) I/I?
1 1 0  7.941  7.928  8  7.923  7.928 11  7.951  7.937  9  7.960  7.931  8  7.9443  21 7.9556  21 1 0 1  6.344 6.330 41  6.331 6.331 57  6.357 6.344 49  6.357 6.339  63  6.366  60 6.338  84 6.3175  41 6.3262  41 0 2 1  4.950  4.947 21  4.943  4.947 33  4.930  4.955 28  4.958  4.952 33  4.984  30 4.964  21 4.9421  23 4.9516  23 3 0 0  4.582 4.577 12  4.577 4.577  8  4.587 4.583 13  4.584 4.579  8  4.602  10 4.607  6  4.5932  6  4.5932  6 2 1 1  4.191  4.197 44  4.202 4.197 53  4.210 4.203 50  4.205 4.200 54  4.211  90 4.212  48 4.1979  60  4.2038  60 2 2 0  3.964  3.964 69  3.961  3.964 79  3.967  3.969  76  3.967  3.966 75  3.969  100 3.989  38  3.9721  97  3.9778  97 0 1 2  3.454 3.452 55  3.453 3.453 70  3.461 3.460 54  3.460 3.459  72  3.470  60 3.452  91  3.4426  56 3.4473  56 1 3 1  3.361 3.360 16  3.361 3.360 15  3.364 3.364 17  3.363 3.362 17  3.374  10 3.375  6  3.3627  13 3.3674  13 0 2 2  3.166  4 4 0 1  3.095  3.093  5  3.092  3.093  4  3.096  3.098  5  3.096  3.095  6  3.0967  9  3.1011  9 4 1 0  2.997  2.996 10  2.999  2.996 10  3.002 3.000 13  2.999  2.998 11  3.014  7  3.0027  8  3.0070  8 1 2 2  2.940  2.940 56  2.940  2.940 64  2.945  2.945 56  2.943  2.943 69  2.949  70 2.944  71 2.9352  58 2.9393  58 2 3 1  2.896  5 3 1 2  2.606 2.603  4  2.605 2.604  6  2.609  2.608  5  2.609  2.606  5  2.6015  4  2.6051  4 0 5 1  2.562 2.563 100  2.562 2.563 100  2.565 2.566 100  2.563 2.564 100  2.567  100 2.573  100 2.5665  100 2.5702  100 2 4 1  2.440 2.439  2  2.439  2.441 2.442  2  2.440  2.4422  1  2.4460  1 0 0 3  2.379  2.378 14  2.378 2.378 20  2.384 2.383 13  2.384 2.382 16  2.3704  10 2.3737  10 2 3 2  2.362 2.361 11  2.361 2.361 13  2.364 2.365 14  2.364 2.363 13  2.3606  14 2.3640  14 5 1 1  2.333 2.331 18  2.332 2.331 16b  2.337 2.334  2  2.335 2.332 17  2.341  20 2.344  8  2.3344  22 2.3377  22 6 0 0  2.289  2.289  2.291  2.291  1  2.290  2.2933  2  2.2966  2 5 2 0  2.199  2.199  2.201  2.200  2.2034  1  2.2065  1 6 0 1  2.177 2.179  7b  2.179  2.184 2.182  9  2.183 2.180  7 5 0 2  2.176  2.176  2.180  2.178  2.185  11 2.1763  14 2.1794  14 4 3 1  2.153 2.152  9  2.154 2.152  8b  2.156 2.155  9  2.152 2.153  7  2.165  6  2.1557  8  2.1587  8 3 0 3  2.110 2.110 10  2.110 2.110 10b  2.116 2.115  9  2.112 2.113 10  2.112  17 2.1058  10 2.1087  10 4 2 2  2.098  2.099  2.102  2.100  2.0990  5  2.1019  5 1 5 2  2.028 2.029  38  2.028 2.029  36  2.031 2.032 39  2.030 2.030 41  2.037  50 2.038  29  2.0298  47  2.0322  47 1 6 1  2.008 2.009  9  2.009  2.009  8  2.011 2.012  9  2.011 2.010  9  2.0126  5  2.0154  5 4 4 0  1.981  1.982  2  1.984  1.982  2  1.984  1.984  1  1.983  1.9861  3  1.9889  3 4 4 1  1.909  1910 24b  1.910  1.910 22b  1.912  1.912 25  1.910  1.911 1vb 3 4 2  1.908  1.908  1.910  1.909  1.913  40  1.9086  33 1.9113  33 6 2 0  1.904  1.904  1.906  1.906  5  1.904  1.905  1  1.917  15 7 0 1  1.890  1.891  3  1.892  1.892  3  1.893  1.894  3  1.892  1.8947  6  1.8974  6 1 4 3  1.861 1.863  8  1.863 1.863  9  1.865 1.866  7  1.865 1.865  7  1.867  8  1.8605  7  1.8631  7 6 2 1  1.840 1.840  6  1.841 1.840  4  1.845 1.842  6  1.844 1.841  6  1.851  7  1.8430  1  1.8456  1 7 1 0  1.818 1.819  2  1.819  1.819  3  1.820 1.821  2  1.824 1.820  3  1.8225  2  1.8252  2 6 1 2  1.806  1.806  1.809  1.807  1.8071  1  1.8097  1 3 3 3  1.769  1.768  9b  1.768  1.774 1.771  8b  1.770  1.777  10  1.7662  4  1.7687  4 1 0 4  1.769  1.770 1.769  8  1.773  1.772 1.772 10  1.7632  3  1.7656  3 0 2 4  1.728 1.726  3b  1.729  1.727  3b  1.729  1.730  1  1.731 1.729  3  1.7213  2  1.7237  2 0 7 2  1.719  1.719  1.713  1.720 1.720  3  1.7203  3  1.7227  3 2 1 4  1.687 1.687  4  1.688 1.687 23  1.688 1.690  2  1.688 1.689  5  1.6846 2 6 2  1.680  1.680 1.680  3  1.682 1.682  3  1.681 1.681  5  1.6813  3  1.6837  3 6 0 3  1.648 1.649  10  1.649  1.649  19  1.652 1.652 17  1.650 1.651 24  1.657  20 1.655  15 1.6482  21 1.6505  21 2 7 1  1.633 1.633 13  1.632 1.633  9  1.635  1.634  1.638  20  1.6360  16 1.6383  16 1 3 4  1.615 1.615  3  1.624 1.625  6  1.619  1.618  1.6115  2  1.6138  2 5 5 0  1.583 1.586 16b  1.583 1.586 12vb 1.590  1.587  6  1.582 1.586  1.587  30  1.5889  17  1.5911  17 4 0 4  1.583  1.583  1.586 1.586 10  1.582 1.585 13vb  1.584  11 1.5816  3  1.5794  3 4 5 2  1.577  1.577  1.579  1.578  1.5786  2  1.5809  2 4 6 1  1.538 1.538  5  1.538  1.539  1.540  3  1.538 1.539  2  1.5409  6  1.5431  6 4 4 3  1.527  5 9  0 0  1.526 1.526  4b  1.524 1.526 5vb  1.528 1.528  5  1.528 1.526  5  1.5289  5  1.5311  5 7 2 2  1.518 1.518  2  1.518  1.520  1.520 1.519  5  1.5289  5  1.5311  5 8 2 0  1.498  1.496  1.498 17b  1.499  1.500 11b  1.499  1.5013  5  1.5035  5 0 5 4  1.496  1.496  16  1.496  1.499  1.497  1.498 16  1.503  20 1.499  11  1.4933  14 1.4954  14 2 4 4  1.469  1.450 3vb  1.470 1.470  6  1.474 1.473  1  1.470 1.472  4  1.4676  2  1.4697  2 1 8 2  1.465  1.465  1.467 1.467  1  1.466  1.4676  2  1.4691  2 5 6 0  1.449  18 5 1 4  1.442 1.445 18vb 1.443 1.445 14vb 1.449  1.448  8  1.447  1.4432  17 1.4452  17 1 7 3  1.445  1.445  1.446 1.447 11  1.446 6 4 2  1.441  1.441  1.443  1.444 1.442 14  1.4426  6  1.4447  6 7 4 0  1.423 1.424  7  1.422 1.424 6vb  1.426 1.426  6b  1.425  1.4268  4  1.4289  4 1 9  1  1.411  1.411  1.413  1.412  1.4136  13 1.4157  13 4 3 4  1.398  1.399  14b  1.401 1.400 11vb 1.399  1.402 10b  1.401 1.401 14vb  1.3978  15 1.3997  15 6 3 3  1.399  1.399  1.401  1.400  1.3993  7  1.4013  7 2 0 5  1.397  1.397  1.400  1.399  1.405  20 10 0 1  1.348  1.347 1.348  8  1.351 1.350  6  1.350 1.349  9  1.350  10  1.3509  11  1.3529  11 9  1 2  1.336 1.335  4b  1.334 1.335  1  1.336 1.337  1  1.336 1.336  4  1.3366  11 1.3385  11 6 6 0  1.321  1.321  1.322 1.323 9vb  1.322  1.323  10  1.3240  3  1.3259  3 3 5 4  1.319  1.320 14vb 1.320 1.320 9vb  1.322  1.321 1.321 13vb 5 5 3  1.319  1.319  1.321  1.320  1.3198  8  1.3217  8 10 1 0  1.304 1.303 12vb 1.303 1.303  8b  1.305 1.305 9vb  1.304  1.305  10 1.311  5  1.3060  12 1.3079  12 2 3 5  1.300  1.300  1.302  1.302  1.2967  4  1.2985  4 8 3 2  1.299  1.299  1.301  1.303 1.299  15 8 4 1  1.277  1.277  1.278  1.277  1.2790  2  1.2802  2 9  3 0  1.268 1.270 14b  1.268 1.270 2vb  1.270 1.271 11vb 1.269  1.270 15  1.2721  6  1.2739  6 8 2 3  1.268  1.268  1.270  1.269  1.273  20 5 0 5  1.266  1.266  1.269  1.268  1.268  25 1.2635  13 1.2652  13 5 4 4  1.253 1.252  3  1.252  1.254  1.253  1.2514  4  1.2514  4 0 11 1  1.229  1.230  5  1.228 1.230  3b  1.231 1.231  3  1.230 1.230  4  1.2320  6  1.2337  6
 
plus 9 lines to 1.120  
pulus 5 lines to 1.121  
plus 6 lines to 1.122  





















































Sample No. a?(Å) c?(Å) V(Å?) Film No.
四万鉱山
90102105  15.856(3) 7.134(2) 1553.2(7) 702 無色透明
90102105  15.856(2) 7.135(1) 1553.5(5) 1455 無色透明
90102105  15.880(2) 7.150(3) 1561.4(7) 1454 灰青色塊状
90102105  15.874(3) 7.150(1) 1560.4(6) 1458 灰青色塊状
98042501D2 15.862(3) 7.146(1) 1557.1(6) 1460 無色透明
98042501D2 15.942(4) 7.181(3) 1580.5(9) 715 灰青色塊状
98042501D2 15.938(5) 7.186(4) 1580.8(13) 1461 灰青色塊状
07112301C  15.847(3) 7.140(3) 1552.8(9) 1440 無色透明
四万ろう石鉱床第 1～ 3露頭
06102802A 15.909(2) 7.158(1) 1568.9(5) 1464 淡青色塊状
Foitite  15.967(2) 7.126(1) 1573.3(4) MacDnald et al.(1993)
Foitite  15.982  7.129 (1577.0)? 加藤・他 (1994)
Foitite  15.99(4) 7.15(2) (1583.2)? 皆川・足立 (1995)
Mg-foitite  15.884(4) 7.178(3) 1568.0(6) Hawthorne et al.(1999)
Syn(No.P2) 15.889(1) 7.111(1) 1554.7(3) Werding&Schreyer(1984)
Syn(No.P5) 15.9113(6) 7.1210(6) 1561.3(1) Werding&Schreyer(1984)
?報告値をもとに計算した値
Sample No. a?(Å) c?(Å) V(Å?) Film No.
四万電気石石英岩（吉川・他、2001）
98042503A 15.942(2) 7.197(2) 1584.1(5) 756 淡色
98042503A 15.956(1) 7.204(3) 1588.3(7) 762 暗色
98042503B  15.958(1) 7.203(1) 1588.6(3) 764 暗褐色
961202  15.953(1) 7.205(2) 1587.9(5) 778 淡灰～黄緑色
四万水晶山（吉川・他、2001）
91111901  15.947(1) 7.202(2) 1586.0(5) 759
四万不納沢石英閃緑岩（星野、2009）
06102801  15.977(2) 7.215(2) 1594.9(6) 1298 弱変質部
06102801A1 15.959(1) 7.211(1) 1590.4(4) 1258A 中変質部
06102807  15.947(1) 7.194(2) 1584.3(3) 1272 強変質部
06102808  15.950(1) 7.204(1) 1587.2(3) 1300 強変質部
Schorl  16.032  7.149  1591.3  Epprecht(1953)
Schorl  15.992  7.172  1588.5  JCPDS43-1464
 
Dravite  15.910  7.210  1580.5  Gaines et al.(1997)
Dravite  15.942  7.225  1590.2  Epprecht(1953)
Elbite  15.810  7.085  1533.7  Gaines et al.(1997)
































Av.of 9(σ) F-7  F-8
無色電気石
Av.of 5(σ) F-16  F-12
 
SiO? 30.29(0.18) 30.27  30.39  36.37(1.23) 35.06  38.18
 
Al?O? 31.91(0.16) 31.78  31.97  38.33(0.87) 39.08  39.10
 
TiO? 3.08(0.06)? 2.93? 3.13? 0.02(0.03) 0.00  0.08
 
FeO  3.38(0.11) 3.43  3.18  1.21(0.55) 0.84  1.95
 
MnO  0.01(0.01) 0.00  0.02  0.02(0.02) 0.05  0.02
 
MgO  4.87(0.16) 4.89  4.85  5.78(0.40) 5.12  6.33
 
CaO  0.02(0.02) 0.01  0.05  0.01(0.02) 0.03  0.04
 
Na?O  1.36(0.06) 1.29  1.44  1.37(0.24) 1.07  1.70
 
K?O  0.02(0.02) 0.00  0.00  0.05(0.03) 0.12  0.02
 
Total  74.94(0.28) 74.60  75.03  83.16(2.87) 81.37  87.42
 
atomic proportion,on the basis of(Si＋Al＋Ti＋Fe＋Mn＋Mg＝15.00)
(T)Si  5.83  5.83  5.85  5.98  5.88  6.00
 
Al  0.17  0.17  0.15  0.02  0.12  0.00
(Z)Al  6.00  6.00  6.00  6.00  6.00  6.00
(Y)Ti － － － 0.00  0.00  0.01
 
Al  1.06  1.04  1.09  1.41  1.60  1.25
 
Fe  0.54  0.55  0.51  0.17  0.12  0.26
 
Mn  0.00  0.00  0.00  0.00  0.01  0.00
 
Mg  1.40  1.40  1.39  1.42  1.28  1.48
(X)Ca  0.00  0.00  0.01  0.00  0.01  0.01
 
Na  0.51  0.48  0.54  0.44  0.35  0.52
 
K  0.01  0.00  0.00  0.01  0.03  0.00
□ 0.48  0.52  0.45  0.55  0.62  0.47
 











































(MacDnald et al.,1993）、F??:foitite(皆川・足立，1995）、MF:magnesiofoitite(Hawthorne et al.,
1999）、P2&P5:synthetic tourmaline(Werding and Schreyer,1984）、S : schorl、S?:schorl
(Epprecht,1953）、U:uvite.
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